The European Union faces a challenge to increase the production of domestic protein crops in order to lower its economic dependence on imports of protein crops, soybeans in particular, and the fluctuation of global prices on food. To solve the problem of self-sufficiency of protein in the EU, encompassing all the agro-climatic zones typical of European agriculture and all-level supply chains at the EU level, increasing the output of domestic protein crops, including legumes (faba beans, peas, lupine, soybeans etc.) has been set as a strategic goal. The research examined the kinds of protein crops used for feed and the self-sufficiency of the crops in the EU. The research examined the area under legumes for seeds, the yields and the protein yields of the crops in Latvia. The research aim is to examine the key characteristics of production of feed legumes in Latvia. To achieve the aim, the following specific research tasks are defined: 1) to examine the characteristics of production of protein feed crops in the EU Member States; 2) to analyse legume production performance indictors in Latvia.
Introduction
European livestock production systems must face the challenge to meet world animal products demands. According to FAO Food Balance data (FAO, 2019) , global food consumption considerably increased in recent decades; at the same time, global food demand rose on average by 1.7 % annually (OECD -FAO, 2018) . This contributes to livestock production intensification and an increase in the demand for feed, incl. high protein content feed (Westhoek et al., 2011) . The demand for protein feed of plant origin is increased by the restriction imposed by Regulation (EC) No 999/2001 to use animal protein in feed to avoid the risk of spongiform encephalopathy as well as the limitation of EU support to oilseeds following the Blair House Agreement in 1992.
In Europe and Latvia, food of animal origin accounts for approximately 45 % of the total value of agricultural output (Westhoek et al., 2011) . Accordingly, a regular and guaranteed supply of feed plays a large role in the competitiveness of the EU livestock industry. Despite the high proportion of livestock production, the EU Member States face a deficit of domestically produced feed protein for their livestock industries (FEFAC, 2018; DG AGRI, 2018) , which is offset by imports from third countries. In accordance with Regulation (EC) No. 178/2002, requirements for the production, labelling, traceability and control of feed have been designed and integrated into the relevant legal frameworks of the Member States. However, the same legal restrictions in the areas of the environment, health and GMO do not apply to imported protein crops produced outside the EU as they do in the case of products manufactured in the EU. At the same time, the trends in the world market show that the prices of protein-rich feed rose (DG AGRI, 2018), thereby considerably affecting the overall feed price level and therefore livestock production cost. Agricultural trade statistical data indicate that in recent ten years, the prices of protein feedstuffs have constantly risen. In the recent decade, the average price of soybean flour on commodity exchanges fluctuated from EUR 223 to 519 per tonne, reaching EUR 317 per tonne at the end of 2018. The price on soybean flour imported from the USA rose from EUR 215 per tonne in 2007 to EUR 380 per tonne in 2018 (DG AGRI, 2018; IndexMundi, 2019) . Overall, the prices on imported soybeans, rapeseed and sunflower flour rose by 43-65 % in this period. In 2018, the price of domestic feed-grade wheat in the ES-28 was on average EUR 191, in Latvia -EUR 180 per tonne. A the end of 2018, the prices of feed-grade peas and beans Proceedings of the 2019 International Conference "ECONOMIC SCIENCE FOR RURAL DEVELOPMENT" No 52 Jelgava, LLU ESAF, 9-10 May 2019 , pp. 388-395 DOI: 10.22616/ESRD.2019 in the EU was on average 219 EUR/t and 240 EUR/t, respectively, while in Latvia the prices of the pulses was on average 198 EUR/t and 202 EUR/t (DG AGRI, 2018) .
In recent years in many countries research investigations into protein sources have been conducted, as a high protein content feedstuff is the most expensive component of a feed ration. The need for cheaper protein-rich feedstuffs has been referred to in a number of research studies owing to the problem of the high proportion of feed cost (Czulowska and Zekalo, 2016) . A lower production cost can be achieved if using domestic products -cereals as a source of nutritional energy and faba beans and peas as a source of protein -in animal feed. It has to be emphasised that providing farming with domestic feed ensures higher independence of the agricultural industry from feed price fluctuations in the world market and sustainable use of the agricultural area.
The current agricultural intensification is oriented towards high productivity and is characterised by narrow specialisation (Emmerson et al., 2016) , thereby contributing to a considerable decrease in the diversity of crops in the EU, which leads to a decrease in the area under legumes (Watson and Stoddard, 2017) . At present, food-grade wheat and rapeseed dominate in the output of crops, while high-quality protein crops needed for livestock production are imported from third countries. Such an approach to agricultural production has negatively affected the self-sufficiency of feed protein as well as contributed to the degradation of ecosystems in the EU Member States.
Thus, the EU faces a challenge to increase the production of domestic protein crops in order to lower its economic dependence on imports of soybeans and the fluctuation of global prices on food.
To solve the problem of self-sufficiency of protein in the EU, encompassing all the agro-climatic zones typical of European agriculture and all-level supply chains -local, regional, national and EU level -, increasing the output of soybeans and other protein crops, including legumes (faba beans, peas, lupine, soybeans etc.) and papilionaceous crops (alfalfa), as well as recognising sunflower and rapeseed meal as an important component of feed have been set as a strategic goal.
The EU Common Agricultural Policy (CAP) focuses on sustainable agricultural development. To achieve this goal, according to Davis et al. (2012) , it is required to promote the diversification of crops. Zander et al. (2016) point out that the inclusion of legumes in crop rotation increases the economic efficiency of grain production, lowering the cost of agricultural chemicals by 20-25 % if the grains are grown as the aftercrop (Zander et al., 2016) . Watson and Stoddard (2017) stress that the regional (domestic) production of legumes reduces greenhouse gas (GHG) emissions, increases the diversity of crops in crop production systems, contribute to biodiversity, enhance soil fertility and supply the livestock industry with protein sources of domestic origin (Watson and Stoddard, 2017) . Livestock farming have built up experience in using legumes -in diets for pigs and poultry dried seeds (pulses) as a component of feed concentrate, in diets for ruminants in the form of both legume forage and pulses. However, a large role in the supply of feed protein is played particularly by legume seeds (pulses) and crops used mainly for oil extraction (e.g. soybean, rapeseed). The United Nations Food and Agriculture Organization (FAO) recognizes 11 types of pulses grown worldwide. Pulses are a type of leguminous crop that are harvested solely for the dry seed. Pulses do not include other feeds in the legume family, such as crops used mainly for oil extraction (e.g. soybean and groundnuts) and leguminous crops that are used exclusively for sowing purposes (e.g. seeds of clover and alfalfa). Historically, the use of pulses in animal feeds has been limited due to the presence of Proceedings of the 2019 International Conference "ECONOMIC SCIENCE FOR RURAL DEVELOPMENT" No 52 Jelgava, LLU ESAF, 9-10 May 2019 , pp. 388-395 DOI: 10.22616/ESRD.2019 antinutritional factors (Sherasia, Garg and Bhanderi, 2017) , yet, recent advances in plant breeding have helped to reduce the presence of the factors. When pulses were introduced as a protein feedstuff in diets for animals, new varieties were created, which had with low-tannin, low vicine-convicine and low-trypsin inhibitor contents. Smith et al. (2013) indicates that pulses have been suggested as an alternative protein source to soybean for livestock in Europe (Smith et al., 2013) . Therefore, it is required to identify the situation in the production of protein feed crops in the EU and the prospects for this industry along with conventional protein crops used in livestock production.
The research aim is to examine the key characteristics of production of feed legumes in Latvia.
To achieve the aim, the following specific research tasks are defined: 1) to analyse legume production performance indictors in Latvia; 2) to examine the characteristics of production of protein feed crops in the EU Member States. The research examined the kinds of protein feed crops and the output of the crops in the EU. It also focused on the area under protein crops, including legumes, as well as the yields and the protein yields of pulses in Latvia.
Methodology and data. Analysis, synthesis, logical and construction, induction and deduction were employed to execute the research tasks. Scientific literature review was used as well.
Research results and discussion 1. Areas and yields of pulses and protein crops
At the EU level, political discussions have focused on the production of protein of plant origin and the agricultural and food industries, issues related to domestic inputs, particularly the use of domestic protein crops as feed as well as the sustainable preservation of soil fertility, with a special focus on growing papilionaceous crops and legumes. As the EU CAP 2014-2020 prescribed that each Member
State has to allocate 2 % of its support payments for growing protein crops, interest in the production of protein crops, incl. legumes, increased, and the area under protein crops significantly expanded.
In 2017 compared with the period before the CAP reform (2012) , 9-10 May 2019 , pp. 388-395 DOI: 10.22616/ESRD.2019 rarely or not at all. The area under peas increased 10 times (from 1.3 thousand ha to 14.2 thousand ha); the area sown with less known feed legumes -lupines -rose about 5 times (from 80 ha to 480 ha) (RSS, 2019) . Such a fast increase in the area under legumes was promoted by the EU's policy on the protection and improvement of biodiversity on farms (Regulation (EU) No. 1307/2013), yet it is not enough to reduce the deficit of feed protein. In Latvia, faba beans and peas are the most significant legumes grown for seeds. Of the total area cropped with legumes, 96-98 % was regularly harvested. An exception was the year 2017 when only 68 % of the area under peas and 89 % of the area under faba beans were harvested (CSB, 2019), which could be explained by rainfalls and floods that hindered harvesting the crops. In 2015-2017 in Latvia, the average yields for faba beans was 2.6-2.1 t ha-1 and 3.2-3.1 t ha-1 for feed peas (Table 1) .
The yields of pulses are determined by a number of factors: species, variety, climatic conditions as well as soil management quality. As regards legumes, some research studies state that the diversity of legume species and varieties is determined by the possibilities to grow them in vast climatic regions (Zander et al., 2016) . Zimmer et al. (2016) explain the low proportion of the soybean area in the total area under protein crops in the EU by unfavourable climatic conditions for this crop in most of Europe (Zimmer et al., 2016) . The data on the yields and crude protein contents of legumes grown in Latvia shown in Table 1 reveal that the highest protein yield per ha was produced by faba beans -in the range of 730 -1000 kg/ha and peas -450-650 kg/ha. Experience in growing soybeans is small in Latvia, which is proved by the data, as the protein yield of soybeans was only 210-500 kg/ha.
According to the authors' calculations, the area under both faba beans and peas declared for Rural Support Service (RSS) support payments in 2017 can produce about 48 thousand tonnes of crude protein for feed, which is only a small share of the necessary annual amount of crude protein for livestock farming. For example, approximately 120 thousand tonnes of crude protein were necessary for dairy cows (producing 1 kg of milk requires 100-140 g of crude protein) to produce the quantity of milk, as stated in the Report on Latvia's Agricultural and Rural Development 2017 (1000 thousand tonnes). It should be emphasized that an increasing area cropped with pulses in Latvia can increase the proportion of domestically produced protein-rich feedstuffs, reduce protein feed imports and contribute to more efficient production.
Supply of protein feed crops in the European Union
In the EU, the consumption of feed annually increased. In the period 2015-2017, the total consumption of feed rose from 477 to 489 mln.t, of which 48 % were forages, 32.7 % industrial Proceedings of the 2019 International Conference "ECONOMIC SCIENCE FOR RURAL DEVELOPMENT" No 52 Jelgava, LLU ESAF, 9-10 May 2019 , pp. 388-395 DOI: 10.22616/ESRD.2019 392 compound feed, 10.8 % home-grown cereals and 8.3 % purchased feeding stuffs (FEFAC, 2018) .
The quantity of protein crops produced provided approximately 27 mln. t of crude protein needed for feed (DG AGRI, 2018), of which 34-35 % was used in pig production, 24-28 % in poultry, 14-18 % in milk and beef cattle production (Hou et al., 2016) .
To meet the demand for feed protein, the EU annually imports about 17 mln. t of crude protein, of which 13 mln. t comes from soybeans. An analysis of the self-sufficiency of crude protein reveals that a deficit is observed across almost all the categories of feedstuffs, yet the deficit considerably varies by kind of feed material (Table 2) . In the EU, most of the sources of feed protein are represented by grain (130.8 mln. t of grain or 14 mln. t of crude protein) with the self-sufficiency rate of 90 %, yet the rate for the second largest feed material -soybeans -is only 5 % (29 mln. t of soybeans or 13.37 mln. t of crude protein). It is known that soybeans represent a valuable component of feed mixtures, which is due to the high protein content (more than 40 %) and a balanced content of amiNo acids, yet the available research investigations indicate that also pulses contain moderately high levels of protein, and their amiNo acid profiles are generally comparable to that of soybean meals (Hanbury and Hughes, 2003; Nalle, 2009 ). Therefore, pulses can partly replace soybean protein, yet to date their use as feed has been insignificant -only 3 mln. t or 2 % of the total feed protein consumed ( Table 2) .
As intensification in the livestock industry increased, the output and consumption of industrial compound feed and protein feedstuffs rose as well. The market of industrial compound feed is convincingly the largest market of feed protein, yet it faces serious challenges in relation to the supply of inputs. To produce industrial compound feed, about a third of feed inputs are importedmostly oil crop seeds and flour (incl. soybean) as well as by-products of the food and bioethanol industries ( Table 3) .
Proceedings of the 2019 International Conference "ECONOMIC SCIENCE FOR RURAL DEVELOPMENT" No 52 Jelgava, LLU ESAF, 9-10 May 2019 , pp. 388-395 DOI: 10.22616/ESRD.2019 As shown in Table 3 , soybean flour contributes to 38 % of the total supply of protein (Table 2) , while oil crop seeds and flour (incl. soybean) account for 28 % of the total amount of inputs needed in the production of industrial compound feed (Table 3) According to available research studies, such pulses as faba beans and peas are highly productive crops and their economic role is large. Seeds of faba beans and peas are prime quality feed concentrate for poultry and agricultural animals (Koivunen et al., 2016; Sherasia, Garg and Bhanderi, 2017; Harouna, Kawe and Mohammed, 2018) , as they comprise 22-35 % protein (Nalle, 2009 ). An important feed quality indicator for ruminants is soluble protein that can produce the necessary amiNo acids in the organism one hour after the intake of feed. According to the results of tests done at the LLU Scientific Laboratory of Agronomic Analysis, a soluble protein content in the dry matter of faba beans grown in Latvia was, on average, 15.0 %, 12.5 % in peas and only 3.5 % in soybeans (Osmane et al., 2016) . This means that protein-rich feed comprising peas and beans is better digested in the animal organism and can raise economic returns from feedstuffs in farming, i.e. higher productivity at lower or the same resource cost. According to research investigations, an optimum share of pulses in diets for animals of various species is estimated at 15-30 % (Nalle, 2009; Volpelli et al., 2012) . This means that the use capacity of pulses allows considerably increasing the amount of pulses in diets and the self-sufficiency of protein in the European Union.
Overall, two thirds of industrial compound feed in the EU-28 is used in poultry production (34 %) and pig production (32 %) and slightly more (28 %) in cattle production (incl. sheep, goats) ( Poultry and pig feed mainly consists of maize, wheat and soybean flour; therefore, any increase in the price of cereals and protein feedstuffs in the world market undoubtedly influence the production cost of poultry meat. In Latvia, poultry enterprises provide the necessary amount of protein in feed, including broiler chicken feed, by means of mainly imported crude protein-rich feedstuffs. They are:
feed yeast, soya, sunflower meals, maize flour etc. According to an analysis of production costs, the cost of feed is the key component, yet, a detailed analysis of production costs indicates that the highest proportion of production costs relates to imported feed and its components. For this reason, opportunities for the use of domestically grown protein crops for feed have to be assessed in order to minimise the cost of diets for agricultural animals and poultry.
Conclusions, proposals, recommendations
The key sources of feed protein are grain, soybean flour and rapeseed flour. In the period 2016-2017, the consumption of protein by the livestock industry totalled 27 mln. t, of which 17 mln.
were imported. Most of the imports were comprised of soybeans -13 mln. t of crude protein, which was comparable to 25-30 mln. t of soybeans.
Pulses are little used as feed, making up only 2 % of the total feed protein and 1.5 % of the total industrial compound feed consumed. Research investigations into the use of pulses as feed showed that an optimum share of pulses in diets for animals of various species was estimated at 15-30 %. This means that the use capacity of pulses could be increased at least 10-fold.
An increase in the area under protein crops was promoted by the EU's policy on the protection and improvement of biodiversity on farms (Regulation (EU) No. 1307/2013). Overall, the area sown with protein crops in the EU-28 under the CAP reform increased on average 2-fold, yet the self-sufficiency of the crops was insufficient. In Latvia, the area under protein crops (legumes) increased on average 12-fold.
Faba beans and peas were the most significant protein feed crops produced in Latvia. The highest protein yield per ha was produced by faba beans -in the range of 730 -1000 kg/ha and peas -450-650 kg/ha. Experience in growing soybeans is small in Latvia, and the protein yield of soybeans was only 210-500 kg/ha.
